Abstract: Several analogues of Isomeridianin G have been synthesized using as a key step palladium-catalyzed crosscoupling reactions of lithium triorganozincates. The latter have been prepared by deprotonative lithiation followed by transmetalation using ZnCl 2 ·TMEDA (1/3 equiv).
cross-couplings between organozincs and aryl halides are known to tolerate numerous functional groups. When compared with the first reactions, the latter become attractive when heteroaryl boronic acids cannot be prepared, furthermore they do not require highly toxic starting materials.
The organozincs are often prepared by reacting the corresponding lithium or magnesium compounds with zinc halides. 5 A drawback of the Negishi coupling procedure lies in the fact that dry zinc chloride or zinc bromide is required.
Miller and Farrell reported the use of a catalytic amount of zinc chloride to perform nickel-or palladium-catalyzed couplings of aryl Grignard reagents with aryl halides. 6 Other studies avoided the use of a zinc salt by generating lithium zincates either by iodine-metal exchange 7 or by deprotonation. 8 In 2002, Gauthier and co-workers documented an approach through lithium zincates using only one third equivalent of zinc chloride for the synthesis of 5-aryl-2-furaldehydes from 5-lithio-2-furaldehyde diethyl acetal. 9 In addition, Mutule and Suma described in 2005 one pot Grignard formation-transmetalation-Negishi reactions using the less hygroscopic TMEDA-chelated zinc chloride. 10 We have recently published palladium-catalyzed Negishi reactions 11 for which the lithium triarylzincates were generated by transmetalation of the corresponding lithio compounds using ZnCl 2 ·TMEDA. 12 Herein, we report the whole study, as well as the use of the deprotonationtransmetalation-coupling sequence as a key step for the synthesis of molecules of biological interest.
For this present study, numerous lithio aromatics obtained by deprotonation were transmetalated using 1/3 equivalent of ZnCl 2 ·TMEDA. The lithium triarylzincates generated were then involved in cross-coupling reactions with aromatic halides using catalytic amounts of palladium(II) chloride and 1,1'-bis(diphenylphosphino)ferrocene (dppf) (2 mol.% each). 13 Diverse 4-substituted bromobenzenes 14 were used (Table  1) . Thiophene was lithiated using butyllithium in tetrahydrofuran (THF) at -75 °C, 15 before the transmetalation step to generate lithium tri(2-thienyl)zincate. The subsequent palladium-catalyzed crosscoupling was performed with 4-bromoanisole, 4-bromonitrobenzene, methyl 4-bromobenzoate and 4-bromobenzonitrile at 55 °C to afford the corresponding derivatives 1a-d in yields ranging from 10 16 to 79% (entries 1-4). It was noticed that reactions performed with the corresponding chlorobenzenes, which have higher carbonhalogen bond dissociation energies, 17 failed. N-Boc indole was deprotonated upon treatment with lithium 2,2,6,6-tetramethylpiperidide (LiTMP) in THF at -90 °C, 18, 19 and then treated similarly to provide the expected substituted N-Boc 2-phenylindoles 2a-c (entries 5-7). These conditions also proved suitable for the functionalization of 5-fluoro and 5-bromo N-Boc indoles (compounds 3, 4a-b, entries 8-10). 
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a Coupling step performed in presence of DME (5 equiv).
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Activated heteroaryl chlorides 20 were also used to prepare bis(heterocycles) ( Table 2 ). The 2-lithio benzo [b] furan derivative was prepared using butyllithium in THF at -15 °C, 21 and converted to the corresponding lithium arylzincate. Subsequent cross-coupling with 2,4-dichloropyrimidine and 2-chloropyridine provided the expected bis(heterocycles) 5a,b in satisfying yields (entries 1,2). 22, 23 The furylpyrimidine 6 was prepared similarly (entry 3). 24 Benzo[b]thiophene, thiophene and 2-chlorothiophene were deprotonated using butyllithium at -75 °C, 15 and the lithio derivatives gave the corresponding coupled products 7a-b, 1e and 8 (entries [4] [5] [6] [7] . N-Boc pyrrole was deprotonated upon treatment with LiTMP in THF at -75 °C 25 to give the pyridyl and pyrimidyl derivatives 9a-b after subsequent transmetalation-coupling reactions (entries 8,9). The syntheses of the 2-indolylpyridine 2e and -pyrimidines 2d,10-13 were performed from different 2-lithiated N-Boc indoles generated by deprotonation using LiTMP at -90 °C (entries [10] [11] [12] [13] [14] [15] . Anisole was similarly ortho-functionalized after direct lithiation at 25 °C 26 to afford the 2-pyridyl derivative 14 (entry 16). The reaction also proved convenient for the functionalization of a -deficient substrate, 2-fluoropyridine, which was converted to the unsymmetrical bipyridine 15 (entry 10) after lithiation using LiTMP in THF at -75 °C, 27 followed by transmetalation and crosscoupling steps. Meridianins are a family of compounds isolated and characterized from the south atlantic tunicate Aplidium Meridianum. 28 Some of them proved to inhibit GSK-3 (Glycogen Synthase Kinase), 29 a kinase involved in the abnormal phosphorylation of tau protein and the production of  amyloid, two processes implicated in Alzheimer's disease 30 (Scheme 1). The method we developed proved suitable to prepare Isomeridianin G as well as different analogues. 31 The replacement of the indole ring by other five-membered aromatic heterocycles was first considered. To this purpose, the chloro group of 2-chloropyrimidyl compounds 2d, 9a, 5a, 6, 7a and 1e was substituted with allylamine to afford the derivatives 16-21 after subsequent cleavage of the allyl group under classical conditions 32 (Table 3) . The replacement of the pyrimidine group by other sixmembered ring aromatics was then considered. This was achieved by cleavage of the Boc protective group of coupled compounds using either trifluoroacetic acid (TFA) in dichloromethane at r.t. 33 or tetrabutylammonium fluoride (TBAF) under reflux of THF 34 to provide the indole analogues 22-28 (Table 4) . (Table 5) . In conclusion, several analogues of Isomeridianin G have been synthesized and evaluated as GSK-3 inhibitors. The key step of their synthesis is a palladium-catalyzed cross-coupling between an aromatic halide and a lithium triorganozincate which has been prepared by deprotolithiation followed by transmetalation using ZnCl 2 ·TMEDA (1/3 equiv). As compared with Isomeridianin G (IC 50 = 420 M), the inhibition activity at GSK-3 has been greatly improved, with an IC 50 value of 4.9 M for the best compound 44. It would be interesting to make further analogues of compound 44 containing an hydroxy group at the 4-position or/and a bromo group at the 6-or 7-position, such as Meridianin templates. The spectral data were found identical to those of a commercial sample.
N-Boc 5-nitroindole. These data were found identical to those previously described. Yield: 97% (10 g).
Brown-purple powder. These data were found identical to those previously described. , and heated at 55 °C for 12 h. The mixture was cooled before addition of water (0.5 mL). Extraction with EtOAc (2 x 25 mL), drying over Na 2 SO 4 , and removal of the solvents under reduced pressure afforded a crude compound which was purified by chromatography on silica gel (the eluent is given in the product description).
2-(4-Methoxyphenyl)thiophene (1a)
was prepared from thiophene (0.32 mL) using BuLi at -75 °C and 4-bromoanisole (0.50 mL).
Eluent: heptane/CH 2 Cl 2 100/0 to 95/5.
Yield: 10% (67 mg).
Beige powder. The spectral data were found identical to those previously described. The spectral data were found identical to those previously described. 45 These data were found identical to those previously described. White powder.
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N-Boc 2-(4-methoxycarbonylphenyl)indole (2a)
Mp 124 °C.
The physical data were found identical to those previously described. The spectral data were found identical to those previously described. 
N-Boc 4-bromo-2-(2-chloro-4-pyrimidyl)indole (11) was prepared from N-Boc
2-(2-Methoxyphenyl)pyridine (14)
was prepared from anisole (0.44 mL) using BuLi at 25 °C and 2-chloropyridine (0.38 mL). The spectral data were found identical to those previously described. SO 4 , and removal of the solvents under reduced pressure afforded a crude compound which was purified by chromatography on silica gel (the eluent is given in the product description). The spectral data were found identical to those previously described. The spectral data were found identical to those previously described.
2-(4-
54
General Procedure for the Substitution of the Chloro Group of Compounds 2d, 9a, 5a, 6, 7a and 1e with Allylamine and Subsequent Allyl Cleavage (Compounds 16-21) .
A stirred solution of the aromatic chloride (1.0 mmol) in allylamine (5 mL) was heated under reflux for 2 h. After concentration under reduced pressure, water (10 mL) and aq 1M NaOH (1 mL) were added before extraction with EtOAc (3 x 15 mL). The combined organic phases were washed with brine (10 mL), dried over Na 2 SO 4 , and the solvents were removed under reduced pressure. After checking the purity by NMR, the crude allylated compound was directly dissolved in EtOH (5 mL), and MeSO 3 H (85 μL, 1.3 mmol) and palladium on charcoal (10%, 0.10 g) were added at r.t. The mixture was then heated under reflux for 3 days, filtrated over celite ® , and the solvents were removed under reduced pressure. An aq sat. NaHCO 3 solution (10 mL) was added to the residue before extraction with EtOAc (3 x 15 mL). The combined organic phases were washed with brine (10 mL), and dried over Na 2 SO 4 . The solvent was removed under reduced pressure before purification by chromatography on silica gel (eluent given in the product description). Indolyl)-2-pyrimidinamine (16, Isomeridianin G The physical and spectral data were found identical to those previously described. 
4-(2-
4-(2-Benzo[b]furyl)-2-pyrimidinamine (18). Precursor N-allyl-4-
4-(2-Furyl)-2-pyrimidinamine (19). 55 Precursor N-allyl-4-(2-
furyl
4-(2-Thienyl)-2-pyrimidinamine (21). Precursor N-allyl-4-(2-
thienyl
General Procedure for the Deprotection of N-Boc Indoles using TFA (Compounds 22, 23, 25-27).
To a stirred solution of the appropriate N-Boc indole (2.0 mmol) in CH 2 Cl 2 (10 mL) at r.t. was added TFA (30 mmol). After 2 h at r.t., a sat. aq NaHCO 3 solution (10 mL) was added. Extraction with EtOAc (3 x 10 mL), washing with brine (10 mL), drying over Na 2 SO 4 , and removal of the solvents under reduced pressure afforded a crude product which was purified by chromatography on silica gel (eluent given in the product description). These spectral data were found identical to those previously described. These data were found identical to those previously described. These data were found identical to those previously described. 
2-(4-
General Procedure for the Deprotection of N-Boc Indoles using TBAF (Compounds 24, 28).
To a stirred solution of the appropriate N-Boc indole (2.0 mmol) in THF (5 mL) at r.t. was added TBAF (8.0 mmol). The mixture was then heated under reflux for 10 h, and cooled at r.t. before addition of brine (10 mL), extraction with EtOAc (3 x 10 mL), and drying over Na 2 SO 4 . The solvents were removed under reduced pressure before purification by chromatography over silica gel (eluent given in the product description). These data were found identical to those previously described. These data were found identical to those previously described. SO 4 , and removal of the solvents under reduced pressure afforded crude 2-chloro-4-(2-indolyl)pyrimidine which was further dissolved in a mixture of pyridine (3 mL) and EtOH (3 mL). The required amine (3.0 mmol) was then added, and the reaction mixture was heated at 150 °C for 20 min in the microwave oven. After removal of the solvents under reduced pressure, the crude product was purified by MDAP.
2-(4-
4-(2-Indolyl)-N-propyl-2-pyrimidinamine (29)
was prepared using N-propylamine (0.25 mL).
Yield: 44% (0.11 g).
Beige powder. 
4-(2-Indolyl)-N-(3-methoxybenzyl)-2-pyrimidinamine (36)
was prepared using 3-methoxybenzylamine (0.37 mL).
Yield: 43% (0.14 g).
White powder. 
4-(2-Indolyl)-N-(4-methoxybenzyl)-2-pyrimidinamine (37)
was prepared using 4-methoxybenzylamine (0.39 mL).
Yield: 42% (0.14 g).
N-(3-Chlorobenzyl)-4-(2-indolyl)-2-pyrimidinamine (39)
was prepared using 3-chlorobenzylamine (0.37 mL).
Yield: 10% (33 mg).
